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. DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

- I CUSTOM HOUSE—2 D & CHESTNUT STREETS

~ ~~~~~~ 
PHILADELPHIA. PENNSYLVANIA 19106

- IH~~ IP~ Y RIrCI FO

NAPEN-D

Ronorabla Brendan T. Byrne
Governor of New Jersey 2 9 MAY 1979
Trenton , New Jersey 08621

Dear Governor Byrne:

Inc].osed is the Phase I Inspection Report for Breakneck Dam in
Burlington County, New Jersey which has been prepared under authorization
of the Dam Inspection Act , Public Law 92—367 . A brief assessment of
the dam’s condition is given in the front of the report.

Based on visual inspection , available records , calculations and past
operational performance, Breakneck Dam, a high hazard potential structure ,
is judged to be in fair overall condition. The dam ’s spiliways are
considered inadequate since 63 percent of the Spiflway Design Flood —SDF—
would overtop the dam. The SDF , in this instance, is one half of the
Probable Maximum Flood (PMF) . To insure adequacy of the structure ,
the following actions, as a minimum, are recosmended :

a. The spillways adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
method s, procedures , and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure the
adequacy of the spilivays and to prevent overtopping should be initiated
within calendar year 1980. In the interim, a detailed emergency opera-
tion p lan and warning system, should be promptly developed. Also, during
periods of unusually heavy precipi tation , aro~iid—t he-clock surveillance
should be provided.

b. Within six months f rom the date of approval of this report ,
engineering studies and analyses should be initiated to determine the
dam ’s embankment condition and structural stability. This should include
test borings to determine material properties relative to stability and
seepage • A topographic survey of th. dam and vicinity should be made.
Any remedial measures found necessary should be initiated with calendar
year 1980.
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WAPR N-D
Bonorabi. Br ndan T. Byrne

£ copy of th. report is being furnished to Mr. Dirk C. Hof.an, New
Jersey Department of Environmental Protection , th . designated State
Office contact for thi s progr am. Within five days of the date of this
latter , a copy will also be sent to Congresaman Edwin B. Forsyt he of
the Sixth District. Under the provisions of the Freedom of
Information Act , the inspection report will be subject to release
by this office , upon request , five day. after the date of this
letter.

Mditioàal copies of this report may be obtained from the National
Technical Information Services (NTIS) , Springfield , Virginia 22161
at a reasonable coat. Please allow four to six weeks from the date of
thi. latter for NTIS to have copies of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recom.mndationa made as a result of the inspection . We accordingly
request that we be advised of proposed actions taken by the State to
1apl~~~~t our recconendations.

Sincerely,

1 m c i  JIJfES G.
As stated Colonel, Corps of Engineers

District Engineer

Copies furnished :
Dirk C. Hofman , P.R. ,  Deputy Director
Division of Water Resources
N. 3. Dept. of Environmental Protection
P. 0. Box (~l029
Trenton , NJ 08625

John O’Dowd, Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
K. J. Dept. of Environmental Protection
P. 0. Box CN029
Trenton, NJ 08625
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BREAKNECK DAN (N300425)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL Q)NDI TIONS

This dam was inspected on 19 December 1978 by Starch Engineers under
contract to the State of New Jersey. The State , under agree ment with
the U.S. Army Engineer District, Philadelphia, had this inspection performed
in accordance with the National Dam Inspection Act , Public Law 92—367.

Breakneck Dam, a high hazard potential structure, is judged to be in fair
overall condition. The daTa’s spiilways are considered inade quate since
63 percent of the Spilivay Design Flood —SDF— would overtop the dam. The
SDF, in this instance , is one half of the Probable Maximum Flood (PMF).
To insure adequa cy of the structure , the following actions , as a minimum ,
are reco~~~nded :

a. The apillways adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedure s, and studie s within six months from the date of
approval of this report. Any remedial measures necessary to insure the
adequacy of the spiliways and to prevent overtopping should be initiated
within calendar year 1980. In the interim, a detailed emergency opera-
tion plan and warning system, should be promptly developed. Also, during
periods of unusually heavy preci pitatio n , around—the—clock surveillance
should be provided.

b. Within six months fran the date of approval of this report ,
engineering studies and analyses should be initiated to determine the
dam’s emban_lcment condition and structural stability. This should include
teat borings to determine material properties relative to stability and
seepage • A topographic survey of the dam and vicinity should be made.
Any remedial measures found necessary should be initiated with calendar
year 1980.

c. The following reindial actions should be completed within six
months from the date of approval of this report:

(1) All trees and brush on the eart hf ill emban kment should be cut
off at ground level and removed with minimal disturbance of the embank-
ment surface .

(2) Eroded areas and bare areas should be filled and stabilized
with ground cover vegetation . Positive drain age should be provided
along the crest road .



(3) The submerged portions of the epiliway and inaccessible portions
of the discha rge culverts shou ld be inspected for distre ss and deterior-
ation with the lake drawn down. Concrete surfaces should be repaired as
necessary .

(4) Debris accumulated in the outle t works and aro und the spilivays
should be removed .

(5) Seepage areas should be monitored periodica lly so that the
rate and source can be deter mined.

d. The owner of the dam should initiate a formal program of annual
inspection and maintenance with special attention given to the culvert
joint. The observations and measurements should be recorded on standard—
ized checklist forms. Inspection checklists and complete records of
maintenance should be included in a permanent file. Repairs should be
performed as required and the following maintenance should be performed
annually : remove brush and trees f roe the embankment , fill and stabilize
eroded and bare areas , clear debris from the spiliway openings and the
downstream channel , point deteriorated sections of the brick arch dix—
charge culvert and seal the j oint between the culvert sections.

a. The lake should be drained at least once every five years to
permit a complete inspection and repai r of the dam and appurtenances.

f. The downstream toe of the embankment should be thoroughly
inspected with the downstream lake level d rawn down . This area should
be thoroughly investigated for seepage and animal burrows, especially
in the area of the corrugated metal pipe arch outfall and the undercut
bank of the natural channels .S 

APPR~~D 
/

JANES G. ~ON
Colonel, Corps of Engineers
District Engineer

D&TE : ~f /f~f
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PHASE I RE PORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Breakneck Dam , I.D. NJ00425
State Located : New Jersey
County Located : Burlington
Drainage Basin: Delaware River
Stream: Tributary to Haynes Creek
Date of Inspection: December 19, 1979

Assessment of General Condition of Dam

Breakneck Dam is in fair overall condition and outwardly structurally
stable , however , the hydraulic capacity of the spiliways are inadequate .
The SDF (Spillway Design Flood) for Breakneck Dam is 1/2 PMF. The
spillways at the dam are capable of passing about 31 percent of the PMF
(62 percent of the SDF) without overtopping the dam.

The owner should engage a qualified professional engineer soon to perform
more accurate hydraulic and hydrologic analyses of the spiilways , the
downstream channel and the contributing watershed . Based on the findings
of these analyses , the dam and spiliways should be modified to accommodate
a storm equivalent to the SDF without an overtopping of the dam.

it is recommended that the following remedian measures be undertaken by
the owner in the near future:

1. All trees and brush on the earthfill embankment should be cut
off at ground level and removed with minima l disturbance of
the embankment surface.

2. Eroded areas and bare areas should be filled and stabilized
with ground cover vegetation in the near future. Positive
drainage should be provided along the crest road.



3. The submerged portions of the spil lway and inaccessible por-
tions of the discharge culverts should be inspected for distress
and deterioration with the lake drawn down.

Concrete surfaces in the spiliways should be sand blasted and
coated with an epoxy sealant after all cracks are carefully
inspected and pressure grouted.

4. Debris accumulated in the outlet works and around the spill-
ways should be removed.

5. Seepage area should be monitored periodically so that the rate
and source can be determined.

The owner of the dam should initiate a formal program of
annual inspection and maintenance with special attention given
to the culvert joint. The inspections should be performed by
a qualified professional engineer and the observations and
measurements should be recorded on standardized check -list
forms. Inspection check-lists and complete records of main-
tenance should be included in a permanent file, available for
public inspection.

Repairs should be performed as required and the following
maintenance should be performed annually: remove brush and
trees from the embankment, fill and stabilize eroded and bare
areas , clear debris from the spillway openings and the down-
stream channel , point deteriorated sections of the brick arch
discharge culvert and seal the joint between the culvert
sections.

Furthermore , the lake should be drained at lear t once every
five years to permit a complete inspection and repair of the
dam and appurtenances.



- -

A qualified professional engineer should be engaged in the
near future to perform a comprehensive dam stability analysis
with special attention given to the area along the corrugated
metal pipe arch and the culvert joint. A Topographic survey ,
borings , test probes and seepage pressure evaluations should
be performed as part of the stability analysis , and typical
soil sections for the embankment should be developed along
originally constructed areas , along the culverts , along areas
that have undergone substantial filling since the 1940 repairs
and along suspected seepage paths. Seepage and steepness of
side slopes should be reviewed carefully with respect to the
typical dam sections developed.

In addition , the downstream toe of the embankment should be
thoroughly inspected with the downstream lake level drawn
down. This area should be thoroughly investigated for seepage
and anima l burrows , especially in the area of the corrugated
metal pipe arch outfall and the undercut bank of the natural
channels.

~~~~~~ ~~~~~~~~~~

S

;t
~~~~~~~~~~~~~~~~~~~~

Richard J. McDermott , P.E.
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams , for Phase I Investigations.
Copies of these guideline s may be obtained from the Office of Chief
of tngineers , Washington , D.C. 30214. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may
pose hazards to human life or property . The assessment of the
yeneral condition of the dam is based upon availab le data and
visual inspections. Detailed investigation , and analyses involving
topographic mapping, subsurface investigations , testing, and detailed
computational evaluations are beyond the scope of a Phase I investigation ;
however, the investigation is intended to identify any need for
such studies.

In reviewing this report, it should be realized that the reported
condition of the darn is based on observations of field conditions
at the time of inspection along wi th data available to the inspection
team. It is important to note that the condition of dam depends on
numerous and constantly chang ing internal and external conditions ,
and is evolutionary in nature . It would be incorrect to assume
that the present condition of the dam wi ll continue to represent
the condition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that the
unsafe conditions be detected .

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance wi th the established Guidelines ,
the Spillway Test flood is based on the estimated “Probable Maximum
Flood ” for the region (greatest reasonably possible storm runoff),
or fractions thereof. The test flood provides a measure of relative
spiliway capacity and serves as an aid in determining the need for
more detailed hydrologic and hydraulic studies , considering the
si ze of the dam, its general condition and the downstream damage
potential .

vii
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PHAS E I INSP ECTI ON REPORT

NA TIO NAL DAM SAFETY PROGRAM

- 

BREAKNECK DAM 1.0. NJ00425

SECTION 1: PROJECT INFORMATIO N

1.1 Genera l

a. Authority

Public Law 92-367, August 8, 1972 authorized the Secretary of
the Army, through the Corps of Engineers , to initiate a National
Program of Dam Inspection throughout the United States. The
Division of Water Resources of the New Jersey Department of
Environmenta l Protection (NJDEP) in cooperation with the
Philadelphia District of the Corps of Engineers has been
assigned the responsibility of supervising the inspection of
dams within the State of New Jersey. Storch Eng i neers has
been retained by the NJDEP to inspect and report on a selected
group of these dams. The NJDEP is under agreement with the
Philadelphia District of the Corps of Engineers.

b. Purpose of Inspection

Breakneck Dam was inspected on December 19, 1978 to generally
assess the structural integrity and operational adequacy of
the dam and appurtenances.

1
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1.2 Description of Project

a. Description of Dam and Appurtenances

The facilities at Breakneck Dam consist of an earthfi ll
embankment with two concrete box drop inlet spillways . (see
Plate 5, Overview Photo and Photos 1 and 3) The spillways
discharge into culverts that pass through the embankment and
outfall at the downstream toe of the embankment (see Photos 2
and 4).

The earthfi ll embankment is approximately 255 feet long and
extends east/west. The embankment crest is 33 feet wide with
an asphalt roadway at its center , about 21 feet wide (see
Plate 8 and Photo 6). Based on field measurements , the up-
stream and downstream slopes are approximately 1:1 (see Photo
5). The embankment crest is generally level at elevation 55.8
(MSL) and the dam is about 14 feet high. Dense vegetation
consisting of low level ground cover , brush and trees , covers
both the upstream and downstream slopes of the embankment. The
surface soil on the embankmen t consists mainly of sand.

The primary spillway is l ocated about 90 feet west of the east
end of the embankment. The spillway has a total crest
length of 43 feet. The spillway crest is at elevation 51.0
and is about 4.8 feet below the dam crest.

The prima ry spillway structure consists of three reinforced
concrete walls with spread footings set on 6 inch diameter
timber piles 6 to 8 feet long. The downstream wall is formed
by a rubble masonry headwall at the upstream end of the brick
arch culvert. The center portion of the floor slab , between
the wall footings is a separate member poured at grade with

2
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eight 2-inch diameter weep holes to relieve uplift pressure.
A timber tongue and groove sheet pile cutoff wall is l ocated
around the outside of the piles below the wall footings. A
horizontal reinforced concrete strut is l ocated at the down-
stream end of the structure between the tops of the two side
walls to resist unbalanced hydrostatic thrust.

The primary spiliway originally had one outlet works con-
sisting of a 15” x 15” manual slide gate which reportedly has
been replaced with a larger gate. The size of the replacement
gate is uncertain.

The discharge culvert for the primary spillway consists of a
brick arch extending through the embankment about two thirds
of its width. At this point , the brick arch joins a corrugated
meta l pipe arch extension that continues through the embank-
ment to a reinforced concrete headwall with wing walls at the
downstream toe of the embankment.

The secondary spiliway is l ocated about 45 feet east of the
west end of the embankment. The spillway has a total crest
length of 14 feet, 2.5 feet controlled with timber stoplogs
and 11.5 feet uncontrolled (inlet side walls). The norma l
stoplog crest is at elevation 50.6 and is about 5.2 feet below
the dam crest. The inlet sidewall crest is at elevation 51.2
and is about 4.6 feet below the dam crest.

The secondary spiliway structure consists of reinforced concrete
side walls with slotted returns on the upstream face, where
the timber stoplogs are fitted. The discharge culverts for the
spillway consist of two 36-inch diameter corrugated metal
pipes that outfall at the downstream embankment toe through a
reinforced concrete headwall.

3
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b. Location

Breakneck Dam impounds Taunton Lake and is located in the
Township of Medford , Burlington County , New Jersey (see Plates
1 and 2). Discharge from Taunton Lake passes through the
spiliways at Breakneck Dam and along a short natural channel
into Lake Pine , a tributary of Haynes Creek (See Plate 4 ). S

Taunton Lake is immediately downstream of Centennial Lake Darn .
There are also a number of additional lakes with dams further
upstream.

c. Size and Hazard Classification

Size and hazard classification criteria presented in “Recom-
mended Guidelines for Safety Inspection of Dams,” published by
the U. S. Army Corps of Engineers are as follows :

SIZE CLASSIFICATIO N

IMPOUNDMENT

Category Storage (Ac-Ft) Height (Ft)
Small <1000 and~5O <40 and)25
Intermediate )1000 and<50,000 >40 and~~OO
Lar ge ~~O,OOO ~.10O

HAZARD POTENTIAL CLASSIF ICATION

Category Loss of Life Economic Loss
(Extent of Development) (Extent of Development)

Low None expected (No per- Minima l (Undeveloped
manent structures for to occasional structures
human habitation or agriculture )

4



Significant Few (No urban develop- Appreciable (Notable
ments and no more than agriculture , industry
a small number of or structures)
inhabitable structures)

High More than few Excessive (Extensive
community , industry
or agriculture )

The characteristics of Breakneck Dam are:

Storage = 354 acre-feet (at top of dam)
Height - = 14 feet
Potential Loss of Life : Approroximately 15 residential dwellings

in the downstream SDF flood plain along
Lake Pine.

Potential Economic Loss: Flooding of residential development
in the downstream area.

Therefore, Breakneck Darn is classified as “small” size with “high”
hazard potential.

d. Ownership

Breakneck Dam is owned by the Taunton Lake Company , Taun ton
Lake, Marlton P.O., New Jersey 08053.

e. Purpose of the Dam

The purpose stated on the 1940 “Application for Permit for
Repair or Construction of Dams” is Private Realestate Develop-
ment. Now that the lake shore properties have been developed ,
the dam serves to impound a recreational lake.

5 
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f. Design and Construction History

Reportedly the original embankment and spillw ay were con-
structed around 1870. The earthf ill embankment and the brick
arch culvert basically have remained unchanged since the
original construction. The spiliway was originally a timber
frame structure with timber stoplogs.

In September 1940, the dam was breached and a substantial
portion of the embankment was lost , but the brick arch culvert
remained intact. Reports of damage in the downstream area
were not available. Repairs were designed and implemented .
The breach was filled and a new reinforced concrete box drop inlet S

spillway was constructed at the upstream end of the brick
arch. The contractor was reportedly Hill Construction Company
of Mount Holly, New Jersey.

Since the 1940 repair work , there have been two major changes
in the facility . A corrugated meta l pipe arch and concrete S

headwall were added to the downstream end of the brick arch
and a secondary spillway consisting of a reinforced concrete
drop inlet with two 36-inch diameter discharge culverts and
downstream concrete headwall were constructed.

g. Normal Operational Procedure

The operation of the spiIlway facilities at Breakneck Dam is
coordinated by and for the most part performed by the Civil
Defense Director of the Township of Medford.

Maintenance of Breakneck Dam is usually performed “as-needed”
by the Burlington County Road Department or the Township of
Medford , in cooperation with the owner. Regular maintenance

6
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consists of the following: 1) lowering the water level each
spring to permit repair of docks , cleaning of beaches and
inspection and repair of the dam and appurtenances. Occa-
sionally fill and sod are placed on the embankment slopes to
restore and stabilize eroded areas.

1.3 Pertinent Data

a. Drainage Area — 13.0 square miles

b. Discharge at Damsite

Maximum known flood at damsite Dam breached in 1940
Outlet works at normal pool

elevation 22 cfs
Diversion tunnel low pool outlet at

pool elevation N.A.
Diversion tunnel outlet at pool

elevation N.A.
Gated spiliway capacity at normal

pool elevation 2 cfs
Gated spillway capacity at top

of dam (Secondary) 196 cfs
Ungated spillway capacity at top

of dam (Primary) 1102 cfs
Total spillway capacity at top

of dam 1298 cfs

c. Elevation (Feet above MSL)

Top of Dam 55.8
Maximum pool-design surcharge 57.4
Full flood contro l pool N.A.

-5- — -
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Recreation pool 51.0
Spillway crest 51.0
Upstream portal invert diversion

tunnel N.A .
Stream bed at centerline of dam 41.6
Maximum tailwater 50.0 (Estimated)

d. Reservoir S

Length of maximum pool 4100 feet
Length of recreation pool 4200 feet
Length of flood control pool N.A.

e. Storage (Acr-e-feet)

Recreation pool 125 acre-feet
Flood control pool N.A.
Design surcharge 451 acre-feet
Top of dam 354 acre-feet

f. Reservoir Surface (Acres)

lop of dam 60 acres (estimated)
Maximum pool 67 acres (estimated)
Flood control pooi N.A .
Recreation pool 39 acres
Spillway crest 39 acres

g. Dam

Type Earthfill
Length 255 feet
H e i g h t  14 feet

8



Sideslopes — Upstream 1 horiz. to 1 vert.
- Downstream 1 horiz. to 1 vert.

Zoning Unknown
Impervious core Unknown
Cutoff Unknown
Grout curtain Unknown

h. Diversion and Regulating Tunnel N.A.

i. Primary Spi llway

Type Drop Inlet
Length of weir 43 feet
Crest elevation 51.0
Gate Manual Slide Gate ,

15” x 15”
Upstream channel N.A.
Downstream channel Discharge culvert

(Brick arch and CMPA )

j. Secondary Spillway

Type Drop Inlet
Length of weir 14.0 feet
Crest elevation 50.6 feet (Stoplogs)

51.2 feet (Concrete Walls)
Gate None
Upstream N.A.
Downstream Discharge culvert

(2-36” diameter CMP’ s)

-

- 

.5

.

~~~~~~



k. Regulating Outlets

Manual slide gate Gate opening 15” x 15” in
Primary Spillway . Reportedly
replaced with larger gate ,
however no size informa-
tion available.
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SECT ION 2: ENGINEERIN G DATA

2.1 Design

Neither plans nor calculations are available for the original con-
struction of Breakneck Darn or appurtenances . Design calculations
and a construction plan for the hydraulic capacity , structure and
foundation of the primary spillway prepared in 1940 are conta i ned
in the NJDEP file.

Neither plans nor calculations are available for either the secon-
dary spillway or the corrugated metal pipe arch extension of the
primary spiliway discharge culvert.

2.2 Construction

There are no records available in the NJDEP file for the orig inal
construction of the dam.

Five darn inspection reports in the NJDEP file , deal with repair of
the dam after it was breached in September 1940. A summa ry of

these reports follows:

Report dated September 4, 1940:
Prepared by J. C. Ki ng , N.J. State Water Pol i cy Commission (NJSWPC)
Breach caused by storm of September 1, 1940 , verified.

Report dated September 26, 1940:
Prepared by J. M. Brooks , NJSWPC

Exposed brick arch culvert inspected and found to be in good con-
dition and adequate for reuse in repair of dam.

11
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Report dated December 26, 1940:
Prepared by J. C. King, NJSWPC

Footings for primary spi l lway com pleted. Breach f i l led to about
- halfway from west end of the opening.

A large gate valve was recommended , 24” x 24”.

Report dated January 8, 1941:
Prepared by J. C. King, NJSWPC
Reinforcing revisions in the drop inlet walls and the horizontal
strut were agreed upon.

Report dated February 7, 1941 :
Prepared by J. C. King , NJSWPC
Primary spillway construction completed . Upstream brick arch headwall
was cut down to match the top of the spil lway . As -built spi llway
crest length was longer than approved , therefore , the required
operating head and consequently the elevation of the dam crest were
reduced. Pointing of stone work in the brick arch , filling of the
washout and turfing of the embankment slopes were completed. in
accordance with the drawings. Acceptance of the repair work was
recommended.

There are no records available in the NJDEP file for the construction
of the secondary spillway or the corrugated metal pipe arch extension
of the primary spil lway discharge culvert.

2.3 Operation

No formal records of the operation of the dam have been kept by the
owner.

Generally the lake is drawn down a few feet in early spring each
year to permit shorelin e residents to repair docks and clean beaches.
Periodically the lake is completely drawndown to facilitate in-
spection of the dam and appurtenances.

12
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Reportedly, complete drawdown of the lake takes about one day.

L The lake level is monitored periodically. The slide gate on the
primary spillway and the stoplogs on the secondary spi llway are
adjusted so as to maintain the desired water level in the lake.
The lake is usually l owered about 6 inches in anticipation of
intense storms .

In January 1971 , the owner of the darn , Taunton Lake Company engaged
Theodore A. Shaw , PE to perform an “Annual Inspection ” of the dam.
This report is contained in the NJDEP file. The dam was reported
to have been generally in good condition. Repairs were suggested ,
consisting of: 1) Placing riprap beneath the secondary spiliway
outlet , 2) inspecting and pointing the interior of the brick arch.

2.4 Evaluation

a. Availability

Engineering information for the original dam , the secondary
spillway and the corrugated metal pipe arch extension of the
discharge culvert is not available.

Hydraulic and structura l calculations and construction drawings
for the primary spil lway structure are available from the
NJDEP file. Inspection reports for the dam , prepared by
NJSWPC describing conditions at the dam during the period from
the breach in 1940 to completion of repairs in 1941 are also
in the NJDEP file. This information is available for inspection
at the offices of the Bureau of Flood Plain Management ,
1474 Prospect Street, Trenton , N. J .

______ 13 
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b. Adequacy

Engineering data available in the NJDEP file are adequate to
permit an assessment of the hydraulic capacity of the primary
spillway , but are not of significant value in performing a
hydraulic capacity of the secondary spillway nor the structural
stability of the dam and the primary spil lway .

c. Validity

Based on the findings of the field inspection , the information
contained in the NJDEP file for Breakneck Dam is essentially
accurate with respect to the as-built conditions at the site.

14
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. Genera l

Breakneck Dam was inspected on December 19 , 1978 by members of
the staff of Storch Engineers . A copy of the visual inspection
check list is contained in Appendix 1. The following pro-
cedures were employed for the inspection :

1. The embankment of the dam , appurtenant structures and
adjacent areas were examined.

2. Areas of suspected seepage were noted and located.
3. The embankment and accessible appurtenant structures were

measured and key elevations were determined by hand
level.

4. The embankment and appurtenant structures and adjacent
areas were photographed .

Information presented in the following portions of this Section
consists of observations made during the field inspection .

b. Dam

The embankment crest was generally level with a straight hori-
zontal alignment leading to a slight northward curve at the
east end. The paved crest road and adjoining areas were in
good condition with slight erosion along the top of the side
slopes from poor road drainage.

Most of the upstream and downstream slopes were covered with
extensive tree and brush growth , and sparse grass. One area
of significant road drainage related erosion was l ocated on

15



the downstream slope , adjacent to the primary spillway discharge

culvert. Minor erosion was noted in several other areas along

- 
both side slopes.

A stilling basin was observed at the outfall of the secondary
spillway discharge culvert. The west bank of the natura l
channel downstream of this outfall has been undercut and
eroded. Seepage was noted exiting from the undercut area (see
Plate 5 and Photo 9) discharging as a trickle with some suspended
orange silt.

No evidence of cracking , settling or animal burrows was noted
along the embankment. -

Generally, soils at the dam site are composed of unconsolidated
stratified silty sand and narrowly graded sand of marine
origin. These deposits , known as Ki rkwood Sands, were formed
during the Tertiary Period and extend for a considerable
depth. The lake basin contains significant surficial organic
matter, silt and sand with some clay. Bedrock is more than
100 feet below the surface.

c. Appurtenant Structures

Spi 1 lways

The exposed portions of both concrete spillways generally were

in good condition with exposed aggregate on the concrete

surfaces. The submerged and buried portions were not inspected .

The tops of both spillways we~e open and readily accessible ,
constituting a serious physical safety hazard.

16



Outlet Works

The outlet works for the dam consisting of a manual slide gate
is located on the south wall of the primary spillway in the
southwest corner of the structure. Discharge from the slide
gate passes directly into the spiliway . The gate wheel is
accessed by a steel frame and timber plank wa l kway.

The upper portion of the slide gate mechanism , consisting of
the, gate wheel and stem, was in good condition. The gate was
submerged and could not be inspected. At the time of the
inspection the gate was closed.

Discharge Culverts

The discharge culvert for the primary spiliway consists of a
brick arch , 13.8 feet wide and 7.8 feet high (upstream) and a
corrugated metal pipe arch (downstream). This culvert was
apparently in fair condition. The interior of the culvert
could not be inspected in detail because it was not accessable.
Mortar was missing from brick joints at the upstream end
of the culvert. The downstream concrete headwall was in
good condition . The discharge culvert of the secondary spillway ,
consists of two 36-inch diameter corrugated metal pipes , which
were apparently in good condition . Both the upstream and
downstream concrete headwal ls were in good condition . At the
downstream end of the culvert there is a stilling basin with
the remains of a riprap apron along the perimeter of
the basin , which apparently has been scoured away.

d. Reservoir Area

Taunton Lake is about 4100 feet long and varies in width from
about 200 feet to about 500 feet.

17
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The immediate shore line contains residential development.
The area surrounding the lake slopes gradually upward away
from the lake at slopes of between 3’~ and 1OZ in the immediate
shoreline area . Numerous docks and several small coumunity
beaches were observed along the shoreline .

e. Downstream Channel

The downstream channel at Breakneck Dam consists of two natural
streams which join a short distance downstream and have no
significant obstructions. Both natura l channels share the
same flood plain , which is flat and broad with substantial
vegetation in the form of trees and brush.

18



SECTION 4 : OPERATIONAL PROCEDURES

4.1 Procedures

The water level in Taunton Lake is normally naturall y controlled by
overflow through the spillways . The lake level is l owered several
inches in anticipation of intense storms by Township of Medford
officials. During these periods the lake level is observed frequently
and stoplogs on the secondary spillway and the gate on the primary
spillway are used to augment outflow. These activities are coordinated
with upstream and downstream lakes so as to accommodate high discharges
from one lake to another.

4.2 Maintenance of the Dam

There is no regular maintenance or inspection procedures for the
dam and appurtenances. Maintenance is performed “as—needed” by the
Burlington County Road Department and the Township of Medford in
cooperation with the owner. Overall conditions at the dam are ob-
served by local officials at least weekly. Occasional comprehensive
inspections are made during periods when the lake is completely
drawn down.

There has been no maintenance documentation for the dam. However,
verbal accounts indicate almost annual repairs to the crest road
and side slopes consisting of filling of road dra i nage related
eros ion , and placing of sod on the side slopes .

Past experience has shown that the joint between the brick arch
culvert and corrugated metal pipe arch is an area of potential
weakness. Differential movement and loss of soil from above the
culvert has been experienced and large holes in the embankment

19
—-.5—-- ‘— -5-— —- — —  — - —5 . - s - . _~__- 



crest and the road have developed. Repairs have consisted of
patching the joint with mortar and filling holes and depressions
with locally available soil.

Judging from the present condition of the dam , maintenance has been
adequate .

4.3 Maintenance of Operating Facilities

Maintenance records for the spillways are not available. Reportedly
the spillway s have not been maintained recently. Occasionally
stoplogs in the secondary spillway are replaced and the manual
slide gate in the primary spillway is serviced . Reportedly the
existing slide gate in the primary spil lway is larger than the 15”
x 15” gate indicated on the 1940 repair drawings. However , there

is no record of the replacement of the gate nor the size of the new
gate.

Maintenance records for the discharge culverts are poor. The NJDEP
file indicates one forma l inspection by T. A. Shaw , PE and subse-
quent recommendation consisting of constructing a riprap apron at
the outfall of the secondary spillway and pointing the brick arch.

4.4 Description of Warning System

The warning system for Breakneck Dam consists of frequent observation
of the lake level by the Civil Defense Director , as often as hourly
during intensive storms and close coord i nation with upstream and
downstream dams . This procedure is not written , but has been esta-
blished through long past experience of municipal officials.

The system was found to be inadequate at one time in the recent
past. In 1958 an intense storm caused the dam at Mariton Lakes

____________ ________________________ 
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(upstream) to breach. This dam is not in the Township of Medford
and is not monitored by the above system. The breach outflow from
Marlton Lakes caused dams at Packowango , the Girl Scout Camp and
Bradocks Mill to breach. The flood flow was contained at Centennial
Lake Dam immediately upstream of Taunton Lake.

4.5 Evaluation of Operational Adequacy

The dam and appurtenances at Breakneck Dam have performed satis-
factorily since the 1940 repair with no overtopping nor breaching.

There has been poor maintenance documentation , although maintenance
apparently has been adequate to sustain the earthfi ll embankment
and appurtenances.

The informal warning system that has been developed over the years
has served adequately since 1958. ~‘lowever , it probably would not
be adequate , should the SDF for Breakneck Dam occur.
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data

Size and hazard classification were used in conjunction with
“Recommended Guidelines for Safety Inspection of Dams” published
by the U.S. Army Corps of Engineers to establish the SDF
(Spillway Design Flood) for Breakneck Dam. The appropriate
design range for this facility is 1/2 PMF to PMF (Probable
Maximum Flood). Since the characteristics of Breakneck Dam as
described in Section 1 , fall into the l ower end of the prescribed
classification range , 1/2 PMF is used as the SDF.

The inflow hydrograph consists of a combination of runoff from
the 5.7 square mile drainage area that inflows directly into
Taunton Lake and the outflow hydrograph for Centennial Lake
Dam immediately upstream (see FIEC-l-DB Computations , Appendix
4). It has been assumed for this analysis that the SDF for
Breakneck Dam would not breach Centennial Lake Dam. Therefore ,
discharge into Taunton Lake from Centennial Lake Dam would con-
sist of spillway discha rge and overtopping of Centennial Lake
Dam.

Clark ’s Method with a synthetic time-area curve was used to
analyze the drainage areas. General hydrologic characteristics
such as: Drainage Area (DA), Surface Storage Index Main
Channel Slope (5) and Man-made Impervious Cover Index (I)
were computed using USGS quadrangles and aerial photographs.
These data were used in conjunction with the following equations
to determine the Clark’ s Method Parameters (R and Tc):

R/Tc + R = 0.76
~ a2 -o.28

Tc + R = (DA/S) (1 + 0.31)
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The total drainage area contributin g to Taunton Lake is 13
square miles. Most of the watershed is undeveloped woodland

and swamp with considerable residential development along the

shoreline. Reservoir storage capacities were estimated usin g
available data and surface areas measured from USGS quadrangles .

Discharge hydraulics for Breakneck Dam were established by
evaluating the spillway crest lengths as a sharp-crested we i r.

The SDF inflow hydrograph for Breakneck was routed through the
spillways using the HEC— l-DB Computer Program , which indicated
that the dam would be overtopped. Based on the depth of over-
topping that would develop, it is probable that the dam would
be breached. Computations show that overtopping in a non-

breach condition would occur for about 25 hours with a maximum
flow height of 1.58 feet above the dam crest and a maximum
discharge of about 2772 cfs. It was also calculated that the
existing spillways are adequate for a maximum flow of a bou t

31 percent of the PMF without overtopping the dam (62 percent of
the SDF).

The SDF routing discussed above does not include discharge
through the slide gate or the stoplog controlled opening. The
added use of these facilities would not alleviate overtopping
potential.

b. Experience Data

Reportedly, Breakneck Dam has not been overtopped or breached
since repairs were effected after the September 1940 washout.

Municipal Officials in the Township of Medford reportedly
maintain vigilant monitoring of water surfaces in the township
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during storm periods and control spil lwa y facilities through

declared emergencies. In 1958 four upstream dams were breached

- 
when the Marlton Lakes Dam breached. The progressive failure
was halted at Centennial Lae Darn through careful use of the
spillway and outlet works.

c. Visual Observation

At the time of the field inspection there was no evidence of
past overtopping. Eroded areas were noted on the embankment
side slopes which were apparently due to poor crest road
drainage.

Based on field measurements the primary spiliway is essentially
as indicated on the drawings in the NJDEP file. The secondary
spillway and the discharge culverts were measured to permi t
evaluation of discharge capacities.

d. Overtopping Potential

As noted above , the SDF for Breakneck Dam would result in

overtopping of the dam for about 25 hours with a maximum flow
height of 1.58 feet in a non-breach condition . Further calcu-
lations indicate that storms greater than 31 percent of the
PMF would result in overtopping of the dam.

Considering the type of construction (earthfill embankment)
and the magnitude of overtopping that wou id be associated with
the SDF , the dam would probably be breached .

Projected breach conditions for Breakneck Dam were analyzed
with the HEC-l-DB computer program. It was assumed that a
breach would result in the loss of about 40 percent of the
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dam crest length and would take about one hour to develop.

- 

The tailwater conditions in Lake Pine (downstream) would limit
the breach depth. It was estimated that the minimum bottom
elevation of the breach would be about elevation 46.0. The
peak breach dischar ge would be approximately 5717 cfs . The

Breakneck Dam breach condition would result in a downstream
SDF stage about 2.1 feet above the non-breach stage . This
additional rise would occur over a period of about 1.5 hours
and probably would not result in a significant increase in
the potential for loss of life in the downstream area.

It should be noted that this analysis does not consider the
breaching of Centennial Lake Dam (upstream) under SDF conditions ,
which is probable and would adversely effect Breakneck Dam.
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability
L

a. Visual Observation

At the time of the field inspection , there were no signs of
distress or subsidence in the dam or the spillways . Seepage
was observed about 12 feet downstream of the embankment toe on
the west side of the secondary spillway outfall along an

undercut  port ion of the bank . See page flowed as a t r i c k l e
w i t h  suspen ded oran ge s i l t .  A smal l  s t i l l i ng bas in  has de-
velo ped downstream from the secondary spillway outfall.

Serious erosion was observed on the downstream slope along the

primary spiliway discharge culvert.

The spillways and dicharge culverts were generally in good
condition . Submerged and buried portions could not be observed
nor could the inside of the discharge culverts . Considerable
growth in the form of trees , brush and sparse grass was present
on the embankment side slopes.

b. Design and Construction Data

Structura l calculations and design drawings for the primary
spillway are avai lable from the NJDEP file. However , there is
not sufficient data with respect to foundation soils and
reinforcing steel to permit an evaluation of the design.
Superficially the primary spillway appears to be stable , since
it has performed satisfactori ly since 1940 under various

dynamic l oading cycles without noticable distress.
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There are no structura l design calculations nor typical sections
for the embankment on file. ‘Filling of holes that have developed
in the embankment above the primary discharge culvert has
substantially altered the embankment.

c. Operating Records

No formal records are available. Reportedly the dam has
served adequately with no significant evidence of structural
instability since the 1940 repair work was completed. Eroded
areas along the embankment slopes are filled and sodded on an
almost annual basis.

Past experience indicates that the joint between the brick
arch and the corrugated metal pipe arch culvert section down-
stream from the prima ry spillway has suffered limited differ-
ential movement and loss of soil from above the joint.

The headwall at the secondary spillway outfall is occasionally
undercut slightly by the stilling basin at the embankment toe .
Riprap was placed in this area pursuant to the 1971 annual
inspection recommendations by T. A. Shaw , PE

d. Post Construction Changes

There is no record of changes after the 1940 repair construction .
However , field inspection indicated severa l changes : 1) a
secondary spillway and discharge culvert has been added , 2)
the discharge culvert for the primary spillway and the embankment
have been extended , 3) a concrete headwall has been constructed
recently at the downstream end of the primary spillway discharge
culvert and 4) embankment slopes have been steepened by periodic
filling and repair.
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e. Seismic Stability

Breakneck Dam is located in Seismic Zone 1 as is defined in
I.-

“Recomended Guidelines for Safety Inspection of Dams ,” which
is a zone of very low seismic activ ity. Experience indicates
that dams in Seismic Zone 1 will have adequate stability under

- seismic loading conditions , if stable under static loading
conditions. Breakneck Dam appears to be stable under static

S loading based on the field inspection observations.
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SECTION 7: ASSESSMENT AND RECOMMENDATIONS

7.1 Dam Assessment
L

a. Safety

Based on the hydraulic and hydrologic analyses described in
Section 5: Hydraulic/Hydrologic and Appendix 4 the spil lway s
are capable of accommodating about 31 percent of the PMF (62
percent of the SDF) without overtopping the dam. This flow is
dependent on the intact retention capacity of Centennial Lake
Dam (upstream). The hazard classif icat ion of the dam is
“High” . A storm of magnitude equivalent to the SDF (1/2 PMF)
would overtop and probably cause the dam to fail. The breaching
of Breakneck Dam would result in a maximum SDF stage in Lake
Pine (downstream) about 2.1 feet above the non-breach SDF
stage , and probable would not signifi cantly increase the poten-
tial for loss of life in the downstream area . It is therefore
concluded that Breakneck Dam spillways are inadequate .

Outwardly, the structural integrity of the dam appears to be
adequate based on the field inspection , however sufficient
data is not available to permit a complete assessment of the
present structural condition of the dam and appurtenances.
Reportedly, the joint between the brick arch and the corrugated
meta l arch has experienced differential movement and loss of
soil from above , and is therefore an area of potential weak-
ness.

b. Adequacy of Information

Information sources for this study include: 1) field investi-
gations , 2) 1940 repair design calculations , construction
draw i ngs, “Application for Permit for Construction or Repair
of Dam” , dam inspection reports and miscellaneous correspondence
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in the NJDEP file , 3) USGS quadrangles , 4) aerial photographs
from Burlington County and 6) consultation with local municipal
officials.

Information and data collected for Breakneck Dam is sufficien t
to permit a Phase I assessment of the dam with respect to
spillway adequacy and outward structural stability.

c. Necessity for Additional Data/Evaluation

Additional information in the form of a comprehensive topo-
graphic survey , borings , probes and seepage pressure analyses
should be obtained , together with seepage observations along
the downstream toe of the dam , to permit an accurate analysis
of dam stability , subsequent to the issuance of this report.

7.2 Recommendations

a. Remedial Measures

It is recommended that the following remedial measures be
undertaken by the owner in the near future :

1. All trees and brush on the earthfi ll embankment should be
cut off at ground level and removed with minimal disturbance
of the embankment surface.

2. Eroded areas and bare areas should be filled and sta-
bilized with ground cover vegetation in the near future.
Positive drainage should be provided along the crest
road.

3. The submerged portions of the spillway and inaccessible
portions of the discharge culverts should be inspected
for distress and deterioration with the lake drawn down.
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Concrete surfaces in the spiliways should be sand blasted
and coated with an epoxy sealant after all cracks are
carefully inspected and pressure grouted.

4. Debris accumulated in the outlet works and around the
spillways should be removed .

5. Seepage area should be monitored periodically so that the
rate and source can be determined.

b. Maintenance 
-

The owner of the dam should initiate a formal program of
annual inspection and maintenance with special attention given
to the culvert joint. The inspections should be performed by
a qualified professional engineer and the observations and
measurements should be recorded on standardized check-list
forms. Inspection check-lists and complete records of main-
tenance should be included in a permanent file , available for
public inspection.

Repairs should be performed as required and the following
maintenance should be performed annually: remove brush and
trees from the embankment , fill and stabilize eroded and bare
areas, clear debris from the spillway openings and the down-
stream channel , point deteriorated sections of the brick arch
discharge culvert and seal the joint between the culvert
sections.

Fur thermore , the lake should be dra i ned at least once every
five years to permit a complete inspection and repair of the dam
and appurtenances .

c. Additional Studies

A qualified professional engineer should be engaged in the
near future to perform a comprehensive dam stability analysis
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with special attention given to the area along the corrugated
metal pipe arch and the culvert joint. A topographic survey ,
borings , test probes and seepage pressure evaluations should
be performed as part of the stability analysis , and typical
soil sections for the embankment should be developed along
originally constructed areas , along the culverts , along areas
that have undergone substantial filling since the 1940 repairs
and along suspected seepage paths. Seepage and steepness of -‘

side slopes should be reviewed carefully with respect to the
typical dam sections developed.

In addition , the downstream toe of the embankment should be
thoroughly inspected with the downstream lake level drawn
down. This area should be thoroughly investigated for seepage
and anima l burrows , especially in the area of the corrugated
metal pipe arch outfall and the undercut bank of the natural
channels.

The owner should engage a qualified professional engineer soon
to perform a more sophisticated hydraulic and hydrologic
analyses of the spillways , the downstream channel and the con-
tributing watershed. Based on the findings of these analyses ,
the dam and spillways should be modified to accomodate a
storm equivalent to the SDF without overtopping.

32

—--5 - 5 —  — - — — — — - — — — 5—— — -5— .~~~~~~~~~ — ---—— .5— - - .5_~~~~~~
_ _ _ ’ -



PLATES

— —  — —  — 5—-———-— —5— —-5-- _ 5 ~~~ - - — 
-



I , -.5—-
~~~~~~

~~~~

r 
- UO~~~S pa.y(.scs, .5

WA RR EM / - - 
- 

~~ ~ERGCPI

~~~ (SS ( ~.5
~ O~WST~~~ / .‘ -

‘( I ‘a.-

— —
-‘ “ .5’ — — 

“~~‘ ‘- — ‘-. 
..

- 7— —
~T . ~~~~~~ a’-’

— -5 
~

KUNT(~ OOid -

~~~E~S(T/ j 4 ~. ~.,~ ~~~~~~~~~~~ at wn. *w~,v
,. I /• *

.-; k,-- i~~~~~~~~..

.- — -~ .- -— _ _y 
~~~~~ -

-5
~~ vE~ C.LP

~ 
MONMOUTh

BREAKNECK DAM “- \/  Th -,

CA~ OOI • ~
, oct *,~

.‘.
.

“ I
&1*uwcT o.d 

~ -

(
5.” ” 

Or,, 44 ~~~~~~~ Sc
~:,,, . ,  ~ + ~

- I 
/

SAL (M “

,\  fl’ , ‘~.

AYLAId T~C
CU~~S(RLA ~dO 

. 

.

£TLAII~~~ OTY

~ CAP E ~ AY

- 

I PLATE I

STORCH ENGINEERS INSPECTION AND EVALUATION OF DAMS

FLORHAM PARK , ~:rW JE RSEY KEY MAP
DIVISION OF WATER RESOURCES BREAKNECK DAM
N.J.DEPT. OF ENVIR.PROTECTION ID. N.J. 00425 SCALE : NONE

TRENTON . NEW JERSEY OA TE~ FEBRUARY , 979

- - — — - . 5 —. --5 — — — -—— -5 — .-5- —--—-—— .—.—-— — - —



‘ Jen~~,ntow rr - - ’ ‘ I .l~
:_ - 
“ 

. 

C’x~
.,.I ~~~~~~‘~~~~~i-ccii / ‘%. ~~~~ /

~~~ 
“

~~~~~ s~~ \~ 3ckIed ~e /7 1 -.. -
,,
.

~

- . 
,

-
. 
, 

~~ 

~~

. 

~~~~~~~
F_

*,r”~~~~
-”’ Bur Iin2~c~.

’ .’>— 5 .- - -

~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~ 

,;7’~I~t”~i :‘- .. : i_:n,;~z;.., ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 
~~~~

“_/ 
“ 

- ‘ L - . - -
~~~~ - 

own

HIA 7~A~~~~Z
< ~~~~~~~~~~~

~~~~~~~~~~ ~
‘

~~~~~~~~~~~~

‘

~~~~~
‘ 

- ,
~~~ ~~~~~~~~~~~~~~ 

. .. .. “' .. ‘ 0 /_‘Lum~
erW

1
—- ~~~~ : - -

~
.5 ~~~~~~~~~~~~~~~~ - I~I 

~~~~~ 
~~~~~~~~~~~~~ ~“. “‘ 

“ - “ ~~~‘ ~~
a......~ t t-’.. L.. - . 

~‘ - - .~~~~~:.
- . e - - - ‘- -. ~~~~~~~ ~4 - - ,

‘ . j --.~~~, - ’ N
C ~.M D E~ ~~ ‘~~ ut~~~~~ ’~’ ~ ~~ - 

,~ •~•.55~~ 
1 Bud d~L .5,1

II 

~ 
I~~. ~~~~ ... ~, .Lh~.r y 1- 

~~~~
‘_~~~ U ’  ~~~~~~~~~~ 

k 
-

/ - -I } ./  .‘.- S — -
- —

. - Sou~hari~pton
— - - 4 .~~ ~~~~~~~~~~~~~~ 

w .‘~~~~~~~~~ 
- 

~~~~~
‘ ‘ —_.~~~~~~ __ -) r t .’s If lI  - - -

~~ N Cc :~--~ .’.:-;x ,. - 
.. . -~~~

,_,k ‘~~ ~~~~~~~ ~~~~~~~~~~~~~~ - T~~’ — 
~~~‘e .’: \

/ ~~~~~ 
‘

‘ .- - “ “.-‘ /I-~ ~~~~~ 
— - Me~tor d t ’ ?  :-~~~~~ ~~~~

- ‘

~~~~ 

- - .

‘-5.. \ ‘5.’~~~~ 
,4” 

4•t,~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~ 
-

L-”—l . t~ ~ t 
—

- <
‘

/ .-l ~ ‘s.sp r, z -5•’— 
‘ 

— F, r ,  a. a

- 

~ Eves ha rTh-..~, 
- 

—- 
~~ I ~~~~~~ .“.‘ 

~~~‘- 
• ~ r .5. ‘ 

S -

~~~ ,~_I0i’-” ~~~ ~~~.,. .‘, 
La a ‘P rn 5 / Ia edford Lakes Fre ~

- :..~~ n ‘_ - •~- ‘‘~ or~~~ ’4 -
~~~ - 

‘ : iauaton ~~
’a~ e ‘ s ,a~ 

/ ‘
. /

L~ 
I— — 

‘-S 

- 

— 

/ 
0

- 5 - / a. .-a r n , c e  -
~~

-
~
- 

~

- BREAKNECK DAM ~~~~~~~~~~~~~~~~~ / S ‘
‘
~\ 

~~~~~~~~~~~~ BerIj i 
-

~~~ 

—

~ 

.5’ ’  ,‘T 
~~~~~~~~ ~~~~~~~~ 

/ - -- in~ ,o4~’ is  ‘
~“ ~~~~~~

P H H  
S1~among

‘~~~~ eweI~ ‘ - ~ u;~ e r S v . ~ e - - • 4 - . . ,
~~~~ 

. 5

s... i’~u r ~f .’..~E . .‘ ~~~~~~~~~ $~ 
~~~~~~ A C .  I~a.rpton ,.

~ ou e
~~~

<

/ A ~ \Du~barton \~ 
~~

~~~~~ \~~Pitman N t ~~“-/ \ i~r” 
•

~~ I 
C .  Wat °r ~ord . “ ~~~~~~

~~~c’\’~J Was hTh gion\ C”~~ ~.T \ . ‘7’\ a ..-. ~ WHARTO N STATE

‘

~~~~~.

-~~~ 0 4 ~~ ~ 
- --- ‘>

~ 
, x ,/ &.5\ - - — - . Bats

• ‘ -
, 

P~ asa M -

MILES 

~~~~~~~~~~~~~~~~~F rIC ~V ’~ S ¶~~FrankIin - 
“ \J<~~~~ 

‘-
. PLATE 2

STORCH ENGINEERS IN SPECT ION AN D EVALUATI ON OF DAMS

FLORHA M PARK , NEW JERSEY VICINITY MAP
I DIVISION OF WATER RESOURCES BR A K N E C K  DAM

I N.J.DEPT. OF ENVIR. PROTECTION ID . N.J . 00425 SCALE .  AS SHOWN
TRENTON , NEW JERSEY 

— 
DATE ;  FEBRUARY , 979



~2;c~ ~~~~~~~~~~~S ~J ~~~~~~~ 
‘-1 J MV 4 ’  

~~~~~~~~~~~~~~~~ > I I N~~ ~~~~~~~ ~Y;f~ - -c’X~-~ ~~~~ (~

_

~~~(. • Mv-47 p (LSfM.7,{~~z -

~~~~~~\ ,
,y ç t ’ ~~~~~~-1 j ~~~~~~~~~

U 24~~ 2

V 
/~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

/ ‘ ~~~~~~~~~~~~‘\~ ‘
~~~~~~~((

f / /  ) J(f~~~~. ~-~~~/ I~-~fT />1 J \.\~~. (‘ L...~~~ )~ J ~

( F  ~~~~~ 

~ Jf(~~~~ ~ ~ ~~/ L i~~~~~~ 
~~~~~~~~~~~~~~~~~~ 

4 V 2 ~~~~~~
3,

~~~~~~~~~~~~~~~~~~ //~~
—{ BREA KNECK D~~A

~~ 
- 

c2 ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~�$~~~~ 
p 

~~~~~~~

A

Legend

M-23 Unconsolidated stratified silty sand and
narrowly graded sand of marine origin (Kirkwood S 

. - -

Sands).

AR/Z Silt and sand , with some clay and significant
organic matter near the surface.

Note

Information taken from Rutgers University Soil
Survey of New Jersey , Report No. 20 Burlington
County an d Geologic Map of New Jersey prepared _____________

by Lewis and Kumrnel. PLATE 3

STORCH ENGINEERS INSPECTION AN D EVALUATION OF DAMS

FLORHAM PARK , NEW JERSEY SOIL MAP
DIVISION OF WATER RESOURCES BREAKNECK DAM
N.J.DEPT.OF ENVIR. PROTECTION ID. N.J. 00425 S C A L E -  NONE

TRENTON , NEW JERSEY 
- 

DATE:  FEBRUARY , 979

_______ - - - - - 5  —— — —  — .5 .——- ——-5. .- - 5 —  



\~~ 
S 

~~~~~~~ . ‘~, 
-

- - -. I , ‘ \
‘
N~~ .~ 

‘
~~~~~~~ -~ . 

~
/. •

~ . Oakwo~ } St Mary at

- 

4 

~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. : ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
. .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~ ~~~~~
-S

~~~-
-S

r
~~~~B R E A K N E C K DAM~~~~ -~~~~~ -.~~~~~~~~~~~ -~~~~ • ‘

:: ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~I~~~~~~~~~~7 

~~~~~~~~~~~
— -5.5- 

I •‘-V Taunto’~ Lake ,— -- ‘-/ —

~~~~~~~~~~~~~ 
- 1 - •

~~L
•
~~~~~

•
~~~~~~~H-~~~~~_ 

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~:/ .

~~~ 
. 

~~~~~~~~~~~ - 
- - 5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/ Lake 

- ~ , p - 
/ I. - ~~~~~~ - - .

-5-5-5’-5 
~ 

—
-5

rr~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

7 I 
~ 

-
~~ /~ ~~~~~~~~~~~‘ (-‘-‘

~
----:: ; 

~~~~~~~~~~~ ~~ — :\ \j . ’ :v... $— ’ - _ ;
__

~
I
~~

—)
~~~~~ ,

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ L-~4 - 
-~~~ - ‘ 

t .I;:I ~~~~~~~~~~~~~~~~ , . 8~ ~~~~~~~~ ~~~~~~~ 
M

~~~~~~~~~ ~~~~~~~~~~~~~~ 
(
~~~4, - ~ ~o ., ~~~~ 

~~~~~~~~~~~~~~~~~ •~~~~~~/
a 1.~~i)•\: ‘

~ ~~~~~~~~~~~ ~~
, 

~~~~~
, 

.5

- 

~ 1 \
\

~~~~~~~ /~~~~~~.5 ~~~~ 
~~~~~— - -. rt ’  !.)a 1 ~~~~~~~~~~ ~~~ .5 -5 - —.5 .. - - . -o 

~ 
— - 5—,

I ~ ~~~
-; ‘/  

~~~~~~~
• 

-~~~-- / “-: Lest 
—

~~~~ 
“—, 

-
~~~~ .~~ 

- ç~ ~~~~~~~~~ 
‘-i, f

S ~~~~~ ~~~~~~
— ~~~PLATE 4

STORCH ENGINEERS INSPECTION AND EVALUATION OF DAMS
FLORHAM PARK , NEW J ERSEY TOPOGRAPHICAL MAP

DIVISION OF WATER RESOURCES BREAKNECK DAM
N.J.DEPT.OF ENVIR.PROTECTIOr4 l .D .N . J 00425 S C A L E :  NONE

TRENTON , NEW JERSEY D A T E :  t.1 5~F~CH , 1979

-- — —  , - .~~ A - - - -



/0 5
/ ~~~~~

/~~
O .

/ ~~\
/
/ - 5

_ _ _ _  

( 7

/

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

I

2- ~~~~~~ “e/~~~ \
\ 

- 

A 

—

j  \~~~~~1 
F 
- 

_ _ _  ~~~ _ _ _

lii i
III

_______________________________ _____________________ __________________________________

.6~~CQ ;‘~~~~7~~~/ A

L/A/ ,7~~~~ - - 1~ 
- 

~~~ 
-
‘~~~

/VO 7~~~~~~

//
_
7/

_

~c ~~~~~~~~~ 
5
~~~~ _ __ 7 “~‘e’ 

~~~‘ 
-
~~

-
~~~ :~~~—/ C ~/ o/7e~~ , ‘/ - / e ~7’ Y’7 Q/ / /~~

/-5
. C~~~ .~~~~~

t~~Q/7~~ /T~~’. ~ .~~~~~ /~~~~~~
5-//

~~~T7 i9~c~~.~~/’~~’— 
-



~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
C~/ve/~~

- 
- t ‘s~~~ ~~~~~~~~~~~~~ Et~~b~~~~k~~ ~ ~

/
/

- 

-

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~ ~~~~~~ 

/ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

j PLAT E 5
f: / DIVISION OF WATER RESOURCESSTORCH ENGINEERS NJ C,. r r OF ENVIR. PROTECTION

F L O R H A M  PARK , NEW JERSE Y T R E N~~/ ’N , NEW JERSEY

INSPECTION AND EVALUATION OF DAMS
GENERAL PLAN

BREA KNECK DAM

I D N J  00425 SCALE NOT TO SCALE

________________________________________________ 

—~~ DATE FEBRUARY 979

_ _  - -  ~~~~~~~~~~~~~~~~~~~ -- - -



-
- 

_ 7~~~~~~~c7 ‘e -;“//7~~~ ~‘( 
-

I = -- --

~~~~~~~~~

-—

~~~~~~ 

-

/ 1
=

1
_

1
= 

-

- ±5 - 
~~~~~~~~~~ F C ~~~~~~~~~~~—~~

-
~~~~

L______________________
/‘~~~~~~~

‘
- - - - 

~~~~~ ± -  PLAN
77~~~~~~~~~~~~~~~ &7- ~..ie~~s ’ ~~~~~~~~~~~ C’e.~ / Cr ~~~~~~

/ -  
~‘/

-5 -

. 

/ ~~/~~v 
~~~~~~~~~~~~~~ ~~~~ 5~~~~~ /~~~~~~~~~ ’ ~~~~~~~ 

II

,
~

- -
-

— - 
- ‘ )

~~ 2 - - - 
5

/ ~7( /  ~~Q/

:~~~ + _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _

- 

H - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
‘ 

--

- - ~~~~~ - - -
~~~~~~~ 

~~_____________- 

~

- SECTIO NU



- - -  H

- - /~~

PLAN
C~~e~~~/ ~~~~ L2~~,-77

~~ 

~~~

- ‘

~~~ 1

_ _  _ _ _ _ _ _ _  1111T

_ L 
N
i

- - - -— ~~~~~~~~~~~ —  PLA1

DIVISION OF WATER RES(STORCH ENGINEERS N.J. DEPT. OF ENVIR.PRO1
FLORHAM PARK , NEW JERSEY TRENTON , NEW JERS E

SECTION INSPECTION AND EVALUATION OF DAMS
PRIMAR Y SPILLWAY

BREAKNECK DAM
I D N J 00425 SCALE :  NOT TO SCALE

DATE : FEBRUA RY , 1979



-5-

— . — //5-- -- -~~~~ -- _____ _-5____-5__
’__

-5___
—*._ 

—

_ _ _ _ _  - —

: ~~~~~~~~~~ -- - - -
~~~~~~~~~~~~ 

jT-~~~/ III ~ ? - - — -~~~~~~~— —  ~~~~~~~~~—~~~~~~~~ -~~~~~~~~~~~~ — —
— -~~~~~~ —~~~~~~~~~

~~~~~~~~~~~~~~ ‘Q9~~~~~~~~~~ .~~~
5- -5 — 

.?~~~~ 
~‘ C/t1,~~

--  . - - --- -~~~~ -- - - - - - - - - — _ _ _ _ _ _

PLAN

// /~-j/ ’~~~~~~ ~1T—~’.~ 7

/ 4E-5/~~c’. ~~~ ~~
‘

/ ~~~~~~, //w~~~/ %~~-
- ,-~~ /

- 

~~ 5~Q~~_ /71; / 

_

~~~~v ~~~~~

-5 . - . -

~~~ “C/~~~~

SECT ION



- c.)

— 

~~~~~ ~~~~~~ ~~~~~~~~~~~

~

-_ _ _ _ _ _   _ _ _

AN

- — - -- . - /~~~e~~/ ~~~ev ~~~~

~ /
-- 

- - “

5-

- 
_ _ _ _

/

~~~~~

7

~~

v

~~~

i2

TION _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

PLATE 7

DIVISION OF WATER RESOURCESSTORCH ENGINEERS N.J. DEPT. OF ENVIR. PROTECTION
FLORHA M PARK , NEW JERSEY TRENTON , NEW JERSEY

INSPECTION AND EVALUATION OF DAMS

SECONDARY SPILLWAY
BREAKNECK DAM

I . D N J 00425 SCALE NOT TO SCALE

— -  - 

- 

DATE -  FEBRuARY , 19:9



Ajar-ma ! j~4/afe,- L e’ve/
EZ~?v. 5/2

- 33’

205’
a.-’

deaa~7’~~7 ~~~~~ ~ 55’

/

/ /
/

~~ C~~ f7~~/f~~c7/77 7Z,e

,V07t:

/c f7z~~~,o’-7 i~~74~~’P7 ~~~~~~ f2~ /~’
/?7~~a~~c/,~7t7 ~~b~r- /~, /.9 76~

PLAT E 8

STORCH ENGIN EERS INSPECTION AND EVALUATION OF DAMS
( FLORHAM PARK , NEW JERSEY SECTION A — A

DIVISION OF WATER RESOURCES BREAKNECK DAM
N.J.DEPT. OF ENVIR. PROTECTION I. D.N.J. 00425 SCALE : NOT TO SCALE

TRENTON , NEW JERSEY DATE: FEBRUARY , 1979

- --5— — — —  -5 — —-.5—— —— -— - — - -5—- - — ——-~~--



/ - 
SI

_ .
.

5 

-5
/

/ (‘

/ 
~~J

/
/

_ 

~~~

- .5- — —

I
I/

/ 

‘-

“

~~~ :/ ‘~~~~~~~~~~~~ , / ~ \
\~

S -

- -. . ..
~~~ ~~

- -- - - - - ---
~~
- - 

~~~~~~~~~~~~~~~~~~ A - - -~~~

~ 

- 
- 

/

‘I I  ~5 - ~
- - ~~~~ ~~~~~ —

-~~~ ~~~~~
~~

- . S
- -

.

~~~~~~ ‘. -Y~~~~ , 

-

~~~~~~~~~ 

- - -

/~~~/
5/ s~~~~~~ -’.--- t . /7 t L~~~~, ’1~~~

/

- /5
_ _ i • ’ ’ _  ‘ - ; ‘ ‘~:‘‘7 ~~~~~~~~~~~~ ~~~~~~~~ ~~~~, 5 5 ) . _ ~

- - - - - - - 5” - - ; -  - -
~~~~~~~~

-- .-
~~~

--

~~~~~~~~~~~~ /~~~~~f
_S

5 S~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_-~u , - ..- - , _ .--



-
‘ 

_ 5 T T~’/-.-~’~~’~

5 -5 
-
~~~;: 5- C .  7 r ’  - / 7 7: ‘, 7,’ 

~~~~ 
- - 

~~~~~~~~

I /
/

- 

t ; 

- 

~ ~i I :i~L1 - -

-
- 

~~~~~~~~~~~~~~~ 

—

t

-
~~~~~~ 

- - -~~~~~ *- -
~~~

-
~~~~~~~~~~~

-5 - - ;-~ 
- 

— - -
j  

I

— 
~~~

‘ 
~~~~~~~~~~~~~~ / _ ?~~~~~~~

_ 5 ’
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7 ~~~~~~~~~~ ‘ - - . --;/ C ’7 (
~~~~~~~e’

/ .

/  

- 

I PLATE 9

( STORCH ENGINEERS
FL ~~‘~~M PARK , N E W  ~F PSEY TRENTON , NEW JERSEY

INSPECTION AND EVALUATION OF DAMS

PHOTO LOCATION PLAN
BREA KNECK DAM

I D r’~ j  00425 J ’S CA L E .  NOT TO SCALE 
~~

_____  — - I - — 

~~~~~ 
DA T E IEBRUAPY , 979



APPENDIX 1

Check List — Visual Inspection

Check List - Engineering Data

-5- —-5- -  —-5 - —.--—- ._ -_-—— -5— -5 — —-5 ———---5.——— —-- 
______ -



.
_ • -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,
.

-

.

a
V)

(V) 
S

$4 .
o ~~~

.

1J
• S

• _
•0 01’4 .5-4
o 1Jo U
o C.’

S
.

1-4 14
C)

0 . -
0

• ;

~~~~~

- 

-

.

:•

.

• ~~

, 
c

C/~
CS.~

14

2
Ii

o 0o ‘-4

I)_ - rh
aD

C:
—5- 1•4 -

*44
E -~ 0

c’J

• - .:. ~ 1-4

• C: S

0 U C:
-~~ -‘-4 ~~~

S
(0 

~
S)

S U C: $4L . o ci
~~54 ~ 4 c•0 1-)

1-4 .o a.’ a.’
ci •~4 .0 -~~

“4 U t  
~A $4 

~~
,~~

A ‘.4 - 
. 

S

-5 -- - —- — ——-——-5— — -,

-5 — 5-— 5--- - - _ 
- - . - -— -



U-)

0
H -

:1 . 

. 

- -

S 

S

.

.

~~~~~~~~~~~~~ S 

- _ .  
- 

S 

S

• 1  

~~~~~~~~~~~~~~~ .~~~~~~~~~~~~ 

- 

-

z

-

.

_ _ _  --5 HJ__ __J 

-
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _



K?
~
j  I..

0.,
~ 

I-’

0
U)

F 
. - 

S

o

o ‘—4 ‘-4
- 

v~-

‘-4 U - ~ U Z
.4. 0 0
4- £4 U) •54 I-)

U 1~

_ _  

_ _  

_ _ _ _  _ _ _  
H 1 

_ _ _



U)z‘.5 0o
(-4

•
.5,, F3

C’
0
U,

-~~ 
a)

>~
-
~~( U 0~ 0

U

E) - , 0 0  4-’
(~~~~~~~%~~~~~ • 0 U

‘ — a )
vI s•_ 0 ( ~ 

- i, ’)
4-)S - 

~~ 
•,- ~~~~~ ~~~~~~V)

. o o~~~ -~--’ 4-) r~ 4-)~~~~4 )  _ .y1J S C ) >
C 4-’ •~~~ ~ -)

0 C 4- ’ O 4-) C~.’
- U

. c~~~~~~w 0f4 0 ( ~~ > 0  — CI)(/) .,_ •~-D r— ~ ~
_ 
~z 

~n _ c ~~~~~ r,~ S.- >C) 
. 0~~~~ U 4-) (U

• I-I S.- E “ —H
S • •

~ E 
(~ 4-’ 4-’ -

a C_) C: o 0_ a )  4—’

o 4 4- . 0 - r-  ~~ 0 U
N

C) Q) C: 4-’
>-, 0.0 ..-~ a ~0 ~~ (~ ‘3) ~~

°z I-4 b
0 W-

0<  -

- S 
S 

~ r4
.5-,

0 <
U Z

_ _  

• hi fl
__ 

F



r

0C.’ 4--4

I,
. 

‘

~~~~ 

‘ -

~~~

C: 
~~~~~~~~~~~~~~~~

C) CC: -(/) 0 C c ~~~~~~~~~ ç~jU) 
~~~ S U 0 ,— V)~~~~~Ü)• ( U t —  0 ‘- ~ .0 —

~C1~~— S.- 
~‘-0~ 4-’ 0 .0 U) 0 •r

• U) 0_ 0 U (I) 0_
(,1 Uv S . -  4—’ S - G o c  4— U)(U U(U S .- L~~~~~a ) o0_ C) - 

~~~ rC 0 4 -’ 0_C/) Q) E 0 a ) r - 4 ’11 S.. C: .
~~~ 0_.0 0_ 0 0)19 -0 4-’ O S - . - ‘ 3 ) 0 0V.’ 4-) 0- E 4-’ ‘— U C.0 •- .

~~ 4-’ 0 0 ~~ >‘, 4~ C) ‘3)P
0 W O 4 — Q~~~~~~ V.’

~~ >) 
~~ ‘D (Li E-

~~~~~ 1> 0 0  )< C: r— 0 0C: U) ‘3) 4-’ 0 0 - - 0 S..(‘3 
~~ 5- • -.. • ‘3) 0. N 4- 4-’(/~ (I) S.~ >~ Ci U) ~~ 4-) (J) 

‘3) • ‘3).0 ‘ S .~~ > 0 ’ 3 ) o S 
~~~~~~~~~~~4.) 0,— S.. S.. 0~~>, 0~ (“4 4~) ,~- S.-C: O.) -~-‘~~~~~‘ 3 J S .~~~~~~S-. 0,—~~~~ .,- (UC i >  0 0  ~~~ 5 - r~ C. C v ~ U)Er -  r’3 Ci,— .0

0C : C :  U) 0 ) O O U S .~ U ) C : 0~~~~~“3 0) -
~- S . .- -  0. 0 5- 0  ‘3) ‘3).0 4-’ 0 5 - & ) 0 C: C:C : 0J , ’3 C: 4— C: .C: 0 5.. 0 0W Q )  V) 0 v) . C : 0 0

S

~~~~

-

~~~~~~~ 
OS

-

I-I
V~



‘ ‘ . S

I 0

• V) )  ‘3)
4.)

0, (‘3I—i l 5-HI ‘3)
0-
o -

4--’
-~~ 

. 
0

U) C:i~j
0 4-’
. 0 0
U Q )

-

.

~~ 
Ei}L
E 0~~~~ 

4- 5 

-
(‘3 0 ‘— 4-’

(I) - (U > ) 4-~ 
0) ‘ 0

4.~ C: S- r-- 0 C: :3
C: 4-’ S . . 0  - 

- C: 5-
((S U) 0 4 —  . 0 4—’
.0 0_ C) U) - .0 

• 
Cl

0 4-’ - a)
.5 a ) •  4-) (‘3 0) -~~ -•((S 0) U) 

~~~
. - 0) (‘3

5.. .0 5.. / 4.)
0 

- 
0) -1-a (0 C:

.0 4-’. -4-’ 0) .0 - - . ‘-I

P 0 (‘3 0 ’— ’ 0
U) 0 ) 0 0  U) 

S

S 
~~~

‘ 0 W O  0 
-- . 0)

0) ‘ - O  - 0) .. E
0) ,— 0 S.. • ‘3) ~~~. (C~

U) U ) 00 U) VS
= ——5-- —— -5 — 5 ———--—- -—.—-—— —_. ----- - — _  _____________  ________

• . . . l
~~~ ~~~~~ . . $ 5

o vz a
1-4 1-4

~~0! 1-~~U)
,-I~ ?< 5Q 14
F~’, ~~~~~~
~~I V ) ’~~ H 0 • ,..3 (4

- Cs. 1-4 (.. .. I 14 f..4
1--a o~~~~~~o U U I ~~ -<

~~
0 $-4 “ — (-a >4

14 0 L 4 U VS U) U
V S

• ,-~ 1.-i ~-4 I—. U)
• ~~ (4 (4 0

0 U U ~~3 -~ 
_ .-S

t,) ~( / H  f- 1 (-a I..)
~-4 t~~O )  Z

___ 

C 
- 

. 

° 0
5 - - _  — .  - . - _ r,_~~t - - .— .- ________ _______________________ —



• •. 1 ’  4.; -
. 0 )  E O U )• 

4 -u ’-  (C
0 0 0  ~~

S - 0) 3  4-’ CI)
O 0. U) .0 4-’0 u 0 ‘3.’. ( — C :

I ‘- 4 _ . ~~~ , C)

.
5-

:3 4-’ CI)
• .0 4-

0)0  ~~
~ ?-i ~~ “3~~~~

5’. ~~~~C)~ —
- 0 00 )~~~ 

.0 0_ C)
U~ ‘ — o o  °~ ~~~~> -
14i 4~ L) 0 U )p
~I S.-~~~ ~~0 . 0 0
I C)~~~ J 4 ~. S . - . 0 I  0

> v 1 0  . 0 0  U) r
0 0 0

0 _ U )
4-) C ) C ) C )

.0 0 - ) U) ~~~~~ C : E
S.- O J U E O ’ -

~~~~ U ) U )  - >~~‘ - 0 C . 0
— C ) 0 C :  ‘ — 5 - W E

0)C: 0 : 3 . 0 5- C C :
5. 0 0 4-’ O O

I—. - . • I U) -‘-

E uS . -  .0- 0.0 4-’
.0 0 - -  O 0~~~~~U U

- S...~~~~~0 S - C)
V ) U~~~ _ _ __ _ _ __ _ _ _  

_ ,__________ 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

a 
-

. 1’
C: — 0

5 - .

- 0 - C )  .
• O 4 -

0 5 - 0  - C C :
0_ C t’, . S

5 4-’ - 5“-~~0-
~D . 0 ~0 0

C O  -
• 0 C: U)  . 0 0)

0 0 > -, 0 5

.0.  0
>~~~ 5 - C .’  -

0 
~~~~~~~~ 

‘ 0 .—
4-4 4-> : : ~ S 4-’~~~H 0 U) 0 0
< 0 0)-.- 5

S I ~ - 4 -C :  - -

~~1 X X ~ U ) 0 4 —’ U ) 0  - -<I  (4 -.- CJ
Cl 4-~ (‘3.- 4-’ .C: . . -

I__I ‘33 0 C: (‘3

~~ 0 U)~~~~~~.- . U) 4-’ • 
-

4-4 . (~I)
C: 4-’ CD. S C : . —-

0 0 -b- ‘- 4-’

A • 0 ) 0  5 ;

(4 
~~~~C: 

S

0 0 0  - 0 0
4 - 0  ~~~ - 4-)

0 (U
- - U) 0 -  S - U) 4-’ S

• :  S.- U) 4-’ _C . 5 - 0 - )
(C -,- 5- ( C S . .

S W 5 - C : ( C  • 0 )0  - . 
S0 _ C :

0 . 0 ) 0 . 0  • 0 -0
< 00 . 0  <L)

_  _ _ _ _  

5

5- - 

2~~ 

.
~~~~~~~~~. ..



- U) I

I 
~~~~~W O o  - 4—r, I ‘a~ °0 0 04--  (1)1-’ 5- 4-’ O E

~ ~
, U)

C: 1) • 4)
P 0 5- 4 - ’
-~ U W U )  • 4-’t
~ C : . 0 -~- (CE U )
0 4-~~ - ’ Q  - 0o 0 U
(4 .0 - (4-
C’: U ) 4 -) 5 -  0_ S..

L) >0 •.- • 0U ) _C 4.) -
C :C )  ~~~~C) E >0 C : U , —  (‘3 .0

‘5’ U~~~~~ C : 0  C:
> E L - ) 

‘3) S.5...
0 0  0. 0) 4-’
~~~ U 0 ‘.0 5- UF” ,— . 5 -  co

E C .
• ~~~~r - 4 -~ I . 0U)

V)~~~~ 0 ) O  C’.)
- _ __ __

U) 
-

‘3) 0) -,-
4-’ C:
C) 0 4-’ 41) 0
5- r — C )  0) -.-
0 0’—  0. IC C :  C: f l -_ C  1 >,0 r - _ C - ’ - -  0 _ C )  I S.-
0 C) 4—’ 0

~~~ 4-’ 0. - - 
0 4~)- U

- C E  - 4-( U _ C E  - U)
U ( C 0  4-’ O - 

5

0 0 ) 0 0  - S •~~~~0 4-’
- ((S

5. 0 0. C: - U)
:3 0) 0 - 0 U )  

•C/) 4- U) 4-’ 0 -’-- . C:
- S.. -5 - 5 - C :  >-, .0- 0 .0 0.) 5 - C )  C)C : C : 0 JC5. - 00  - .0

“3 0 00 0  4—’Z~ •‘— L) • U - 00 4—’ _C • (‘3 - . 4-’• .5 . .  -
H _C ‘C :4 - ’ (C ( 1 )0 )  - • S..
< C : C )~~~~~~C ) N  . • r >

5— > C 4) -
~~~~~ .— 0 4-4 5- - . :-

— 0 0 4-’ 0 C: ( ‘3 ’3J 4.S - 0.
(4 0)-.- -.- U) U) Cl) . . 

- ,:~.• ‘-5. U) _ C ~~ ~~ >-, -P ’-- • - - -(C
~~ 0 5- C: 0. -I-’ C: 0 4.’ - 

-I.— 0) 0 ~~ C) r- - U)0) 0) 0 5- 4- >, C) - 0) •0.. (‘3 _C 0  (U.— 0
C: >., U ) .  - . 0 0) 0

1 ‘- _C 5- C: - 4~ )- . -  
- - C3.

• 0 0 )  0(4 >-~ U) 4~) (C 4..)~~~ _C - 4-’ 0F- . - C 0_ C 0  0 _ C :
‘— 0- 0 (/) ~~ (C . .-C) o > < 4 - ( C U )  5 - 0  - - 

- - -- - 5 - C ) U )  >, ( ‘ 3 0 4 1 )  • -a. ’ .,—- . • C) r - 5 - . 0  - 0 ) - C )  • . . 0 _CC: 41) 4-’ -.- 0. 0.4-’ Cl. - E o- 0 _0 . -  •
• 0 . 0  (1) ~~ (C < C: C. 

_______________ U

S

i-i - 

‘-5

. 1
- 

S 
I ~~~I • 0- 

• 4-4
0! ,.~ U)

44 Z

S 04
U
14 z z(4 (4 -~~ 0 .1( 1 4I ‘. 0 C4 Z

,.-)s  14 -
• 

11) 0.
<! c’: 0 (4 4— I

0 1 4

- - _ _ 5__
S 

- -5- — —  - — — — — - -5 
•-—-- —-- — — - - . —~~~ . - 



-

. 

. :  -

~~~

.4

U) - •

0 -

p-I
F-o ~~ -4-4 >

I- c’: • 
. 5

.1( (4
F- U)z ~o .~~~~. -

0 . S
- . 

• - S

F-
(/5 5

S 
• -

4-4

- - 0) CI) C) CI) 
-

S 
— ____________• 

- •

I • U) S

I >-
‘4 

-

0~~~c’: U) S
a_I
a_S S

•<1~~
-
~ 

44• z• z - - 
. S

•t• 4~~~~I z
0 - -4

‘-4 (4
kJ 1 F I-. S 

S

S.

- (I Z U)
• :Dj :~ (a C’ N

U) ~~ U) 4-4 (4
(4 ‘—4 (-4

~ z 0 :3 04 0



S U-) -

2 5 5

- S -

d S0

0

~
/)

I
S
. 5

-

0.
C)
C)

4-) • 
SCl)

0 
-

4)

(U. S

4-’r
0_I

0

U)

c’: 0 
~~~~(-4 4-4

0 (-I 0 ) C  S

~ < ~~~~~cr~ :> 0. 0
(4 ~~ .0 -4-’(4 (4 “3(4 U) 5. 5
c~ 0 -~~~ 4-) S

( ‘3 0- S .— C) S
5-

‘4_. 0)
0 0 - S5 5 0 -

~0) 4 - ’  - 0
Q_
O~~-s’ .~~ 

S

C:
C l ’— 

S

—S

z
0
I-I . S

S z - S
S 

I 
_ _ _ _

-



t4-
~

0
‘S-I
F-
--5-

S ~~~

-4
.5-5 .
0
0

S 
S

C’:
0
In

I

C’.

4-)
.5— C)
(‘3 0)
5 - C :• : 3 5~

_ S
- 4-’~~~~~U ) I C  - 0

0 0 0 E . 0 C )  C) )<
4-’ C : , —  0 0 > C) CD 0 0)
C: ‘4— C) 5- 4) r — 5 - C :
. r > , 5- —4-’ C) (C -

.0 r— 4 - ’ C : U )  5- • 0 - 0 .U) C ) C l0 . 0  Ci X <  S- S 
C ) U ) C  0 0  _C 0 C)
0)~~~~~C: •.- 0 5- -~~~5 - 0  (C - 4 — U) E 0. • (‘3
O o — .0 >,..- .-  Cl. E _J

, . 0 4- 0 0C: 5-  U) 0 ( ’3L) 0) .0 .
~~ 

•0 4-
U) .0 ,—~~~~~r- 0.) C: - •C) 00 
~~~~~~~~~~~~~~~~~~~~~ (‘3 ‘ 3 ) 0 )
_ C . -  5- -.- .0 4-’ .0 U)I.) F- . 0 : 3  0.4- C) 0 4-’ C)

S ~~ >~~~~4- ’U )0 E  E 0 S..
0 0 0 (‘3 O E O

• ~~~ ~~ C: C: >, C) C/) C) .— 0-C5t-~ ,__ .r- ~~~~~ 5- 5 - U )
‘.~ ‘ - U ) O ( ’ 3L 4-’ U)4 - -

H -.- o 4-’ _C 4- • U) -.- 0)J l) 0 0 . . 0 0C :  U)
U) ~.- 0 > , C: - 4-- 0 )0 0

0) 0 . -0  0 0 - C ) .—0 >, C : .-  0) ~~— •‘- •.- $. (C
U)

(C~~— C :  5 - 0  ‘1) (1) 41)
0. ( U C : G )
0

5- 4 -~~. C 5 - Q ) 4-’ .5-.. ( ‘ 3 0 0
0. Cl) U 4— 0) U) 4/) .0

• • ILI
0

0
4-4 5

F-

‘-4 1--4 C’:

P



- 4-)
- 0)

- ~5
5 4-)

z -~~ 
5 

4~)
0 -~_ 

• C ) > —,4-4 . . 5 - 5 -
F- • 5- - 4 ) 0- S.- 

- 
- : 3 _ C(4 D C :14 ~

- - 0< 0 .  - >-, L)1-4 0 - 5 - a )
(C U)0 ELr Z •r - 5 -0~ 5 - 0
0 . 4 -

U) C) 5- 0.) . 5 - u  C)
- (2

-5- (‘3
F—( L’D — C) Cl) .— 0) ‘3) .— ,—

o .0 .0 (‘3— > (‘3 - (C > - (‘3 0 >  >T < r < <
-4-’ 0 0 -4-) (‘3 (C -I--) 4~)
0 > > 0 > > 0  0• 4-4 < < < <~~~ ~~C,)

S -

- 41)
0 (1)

• -I’ ~~H

—

I

S

S~~~

2~. 4-4 - 44 0 I I
U) 4-4 I I

I



>)
(‘3 0•

C.
C,)

S S~~~ 
- - ~~~~~~ 0.

5-
o_

S , - .0

- ~~~~~

S 
- C,)

• 

‘• a -

SI) —
5-
C) -
5~5. 5-N .

. 0) 0 (Y)
(4 5 

0-r-
0) - 0) - 5- C) - 0) . -5

• 
~~~ ~~~~~~~~~~~~ 

• ,- ~~~~~ -
•

“3 (‘3 - “3
(4 :— C) .— .— : 3 -

.— .— -.- - 0 0
S (‘3 .0 (C 0 0 0  C:

4-’ 4-’ 0 4-’ 4-) . 
- 

-~~0 0 > 0 0 0- 
- -

S 
- - -

— S 
-

S - (I)

• S 

(0

C/) 
~2 c ~

_ _  __ 

PP Pb 
_ _

~ C) >~~co~~~~~~ 04

- .5 -5 - -- —- - _ _  _ _ _  _ _ _ _ _ _ _



0)
C:

S - 5.) 
-

C:
.0
0
-:, S

• >)
.0

-1-’
5-
0
0.
C)

N.
a) C:

•
0

.5- 4-’
- CD 0(_‘4 ~I)- C.

S 
~-) -

C: C:
(C I-.

SO

- C)
S S

- a)
0. -

i 4
(C - C.

- .0
U) C,) S

- -  S S >-~

I— (C
0) 5 U)

>1 CD -D
S..5,_ c) 0C) CI) 4-~ - C— 0C— .5— - 5- ~0 - C)5, .0 .0 0 C) — • 5-(‘3 (Tj 0.• • C— 

~
— 0) 05’- ..- ( C S  (C(‘3 0 • ‘3) 4.5,

> > .5— • .S 5 - 0 -  5 - .(4 -ci: Ci: 0 . 0 0 )  0,-,‘ (I) - 4/) 4-C: 4-’ -1-s C: E0 0 0 C: ( C C :  0
DO

S -S 
-
~~~~~~

-
.

. 
C,

-
. 0

14 14
(4- 

4-4

• 
H L

-5 .4. —- —-5— — ~~~~~ ‘.- - -



>~
- (C S

- ci.
S I )) S

- - S >)
(‘3 >1

- 5-
C- (0

E S
S - 

0-
>) 4/) 0.
(0
i: >., C

C)) ‘~~~ S.. 0
‘— (‘3 - 

S
S.- _C C)

5 — 0. C: 4-’
4/) 0 (C

0 0)
>., C) S S

5- (1~ (U
(C
E 5-
-.- 0
0. 4- Cl)

5- 0) 5- 
5

C) C- 0
4- .0 4-.

- (‘3SS 0) :— 0.)

. 0 0  S
~~~~~~~~ 

- 
S

(C > (C
-

• 
C- (C ‘—

0 • 4-) .
> 0

: 4 (4
C) •—~ S!-4 4-4
(-4 <

-~~ 
(-) F-

p~l 44 (4 44 - S
• 

~

-
‘

~~ 
- 

• 

.

5 
- -

C

-

S 

S .

-

4-4 (4
0. 04 

. 5

4- (4 004  
________________ _____5— --  —— - - ___________— — -_55—- ___ -5——- ——--—-5—— —5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r tS~



APPENDIX 2

Photographs
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PHOTO 2
PRIMARY SPILLWAY DISCHARGE CULVERT

19 DEC. 1978
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PHOTO 3
SECONDARY SPILLWAY
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PHOTO L~

SECONDARY SPILLWAY DISCHARGE PIPES

19 DEC. 1978
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PHOTO 5
DOWNSTREAM FACE OF DAM
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PHOTO 6
PAVED ROAD ON C R E S T OF DAM

19 DEC. 1978
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PHOTO 7
CONCRETE STRUT ACROSS PRIMARY SPILLWAY .

BRICK ARCH CULVERT.
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PHOTO 8
EROSION AT DOWNSTREAM HEADWALL FOR PRIMARY

SPILLWAY DISCHARGE CULVERT.

19 DEC. 19~
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APPENDIX 3

E n g i n e e r i n g  Da ta
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—

CHEC K LI ST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

Mostl y undeveloped wooded and swampy areas
with substant ial  resident ial  cev e l o p :~en t

DRAINAGE AREA CHARACTERISTICS: along lake shores. 
-

ELEV ATION TOP NOR ~-~AL POOL (STORAGE CAPACITY) :  51 (125 acre- f t . )

ELEVATION TOP FLO OD CO NTROL POOL ( STORAGE C A P A C I T Y ) :N.A .

ELEVATIO N t-1AX INL.~-i DESIGN POOL: 57 .4
ELE VA T I O N  TOP DAN : 55 .8 

-

PRINCIPAL SP I LL ~AY CREST: Concrete Box Dro o I n l e t

a. Elevation 51.0

b. Type Concrete Box Drop Inlet

C. Wid th  11 i n c h e s  -

d. Lengt h 43 feet

e. Location Sp illover Inside Drop Inlet

f. Number and Type of Ga t es ( 1 )  15” x15 ” manual s l ide  gate

AUXILIARY SPILLWAY CREST: Concre te Box Drop Inlet w/ s to p logs

a. Eleva tion 50 •6 (S to p logs) ,  51.2 ( S i d e w a l l s )

b. Type Concrete Box Drop Inlet

C. W idth 3 inches (S top logs ) ,  8 inches (S ide ~- ia l l s )

ci. Length 2.5’ (S t o p logs ) ,  1 1 .5 ’  (S ide w a l l s )  
-

e. Location Sp i llover Inside Drop Inlet

f . Number and Type of Gates 2 .5 ’  Sto plogs

- — — ----‘-—--- - - - -— ..- - — -_ — —-_—.—.---—-S—.- —-- - - - - -—- - -  . .  . - . a



OUTLET WORKS : Sl ide Gate on Primary Spi llway

a. Type F-lanual Gate , 15 ” x 15 ’

b. Location South face in SW corner of Primary Sp i l l w a y

c. Entrance invert 4 1 .6

d. Exit invert 41.6

e. Emergency draindown facilities: Slide Gate

HYDRO METEOROLOGICAL GAGES: None

a. Type N.A.

b• Location N .A. 
- ________________________________

c. Record sN .A. 
________

MA X IMUI NON- DAMAGI NG U ISC HARGE:

(Lake stage equal to top of dam) 1298 c f .s .  
_____ ____

- - — —
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Hydrologic Computations



STORCH ENGINEERS Sheet / of “~~

Pro ject ~‘ S . Made By C- -— Date - - T 7

- 
r ica ~ ‘ ss -- 

~~~~~~~~~~~~ 
•
/

•
-

~~~~~~~ • ,  - Ch kd B y ~~~~s t ~~~j  Date 1” ~~~~~~

( / 1 - ~~~~~~~~~~~~~~~

/v I~~’C. c~ ~~~p 
O7~~~~~ ik? - ?~~ 4 ~~ -j~

- 5 , - S - ) 5 5 - / -  — / -- c - / - ‘ ‘ -. - -

/ ~~~~~~~~ 
C- 

~~~~~ ~~~~~~~~~~~~~~

- ~~~~~~~~~

- ‘  - — c - - 5 
~~~

- - - -

,‘ j ;  ~ ,-- — ~ 
5 - . , /J , -‘

~~~~ 

- 
/ , ~~~~~~~~~~~~~~~ - i

‘~~~ ~~
, - / p~~

_ - ’~~~ /~ - /  ~~~/ -, ,I ~~~/ ’~~~ ~~~) ~

~~ (‘~~~c - ~~ ±~ ~~~~ ~�c~~~

A .

5
, 

~~~~~~~~~~~~~~~~~~

/ /~~C ~~~~~~~~~~ (‘ ‘I I  ~~~~~ 1~c ~-c 
~~~~~

- T’~e

/1~~ ~~~~~~~~ ~~~~ t ~ ~~~ /~ ‘r/ (~~ / )~~~~ ~~‘) d  T~

Ct!. L- ‘i~’(~~~ ~;r~ 7~ -e -~~
-
~~~~~~~ 1

~~~~~ti ~ y~~~~ - t,~ 1 ~~~~~~~~~
‘ n--

~

Cc?~,’7~ I ; ( ? ,
~ / t’~~~ ~ ‘~~n ~

1i~~~ ~7
’C - / 4/

Ic e~- / , i e c k  D a m .

Yc/1~ J c// -
~

/;,
~ 2e. ~7rcq /~~~~~~~O .~~~~~~~ , /),i .

~~~~~~~~~~~~ tirai,~aey e ~ req 7..~ ~~~~~~~ • ~i t .

5.7

S -~~~~~~~~~~ 

-5-- - --—5—
- -



14 az
0

I.-) 
~~~~~~~~~~~~~~ 00 ~~~ ‘—j’ ~‘) ~~‘ ~~~ ~~~- .  

‘
_
‘ ~~~ F-

() I-~~~~~~~~~~~~~~~
-
J 

(4
5-. 5-) (~ :-~ ~~~ 

< () ~ .—.. 0 - 0

- ____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-5

STORCH ENG !NEERS Sheet 2. of ‘3

Project / /  ~ 2 Made By ‘ -— Date - —

Chkd By T~ r ’ i  Date ~-

,~~~~~(/  / t S ~~~~~~~ ’

S

c / I

~~~~~~~ 

‘

~~~~~~~~~~‘ - ~~~‘~~ ~f ~ :~~- , ‘/  ~~~~~~ O~~~~ L~~~~ 
/q~~~

f r -~
-

~~~~~ 1 -‘~~~ -

~~~~~~~~~~~~ /- - gy1, , 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ = 27 ,~~ , ~~

6 -~~~~ ‘ ~~~~~~~~~~~~~~~~ -i; ~~~ / C  / ,‘ - ;
~~~, 

_ ?r ~~~f

t , /5~~,t , (‘~±~) / 77-/2

(5
5 - 5

/1

:4 7 / 7

1~27L/ / tk~ t , ,  
~~~~~~~~~~~~~~~~

S/ i - ic e  ~ 4Terc /7e e/  a reg  ~~nc, c- t� eJ— /?‘V7
/
~~ iIt rO7~f~v~ 7”jp€ ~~~~ a~-~i’ Ccv -e rc ~e-1

~vcca’/~ts f/14X- , (~ , / t fr- 4 t/ c i-, ~~~~~f / /

t e  ~~ ec1.

~~~~~~€ /~~~/~~ /~~~/ / f r )
~~~~/ Itra~~~~~,c,i /-~~~ i~~~d7~~~~~

COin ta , -/ - ~~~~~~~~~~~~~ OS /F  ii~~~Jj €~~

O~~ C~~i 1 / : 1~ - ’~~~ ~~I I C/a ~ ~~~~� ~ a i ’ ~~te f r

~i:: c

z —c , z,~
~ ct  ~~~ :i (~~~~A / )  ~~~~~~~~~~~~ 

(i.c -# ~~~~~

7~~4~~~



0 ~~0U)0 0 - 0 ( 4
Cs. o~±~

Z F- ’—. ~~~~~ ‘ - ‘ 4O
14 0 0 0~~

-~ -. - 
~~~

- - - 5 — -

STORCH ENGINEERS Sheet 3 of ‘~~
‘

Project -, -: Made By ‘—
~~~~~~ Date ~~i2

~~~~~‘ ‘ ‘  - ‘ - -:
~~~~~~ 

!)-~~, I i  Chkd By ~~~- t ”  Date 3—Vi -/ 9

c/-_ S -
~~~~~~S 

_ _

~ 7 ~~
~~

-7. - —
4- -

= 4~3~~ /) r. =

LZ?k~ ~~~7
’cr a / ~~; r - _~~~~

1 ’~-J ~r , ; ; a t,~ ’i -~r~~’~- ~~~ I /~~~~~~~h~~ ,/  ~~~~~~~
- 

~~v fac~ 6r ~~
EL. i~~~c~~~~

0

ci .?7

7~5
(f/5 (~~C EL ci ~~~~~~~~ ~~~~~~ ~~ 0 ~~~~~~~~~~~~~~~ ~~~~~ p(aii

)

- / -
~~~~~~~~ ~~~~~~~~~~~~ ,~~ ~-~;‘j c/ e ~~~~~~~ S/c~ya1 ~

frôi~i ~~~fr f f l ~~~ c~-ei ~i~ 4 c/



STORCH ENGINEERS Sheet ~ of ,2

Project 5 - 

Made By ± ~~~ Date

r ~~~~~~~~~~~~~~ 7~~’ > ,  Cbkd By.~~~—) Date L~~Ji~L
~7

N

‘N -

C -r
N

T ~~~5 

-- -

~~~~~~

- -

5~ 
- - C.A-F A ? - ~~,i ~~~1 . -

~~i t

- ~ :/ i~4Z - ? ~~~- C’-- iP  - -

S 

~~~~~~~~~~~~~ [f~~ j)- - -

- S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

/5 \LJ~--~ 
-

~~~~~ I 
f ri - ’~~~; 

~‘y ~~~~~~~/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

- 
_ _ _ _

—
~ :.5 -~----- —

3.4 ’ 
- 

/
5 

,
‘ /

- - I
. _ — -‘ ,l— I

- - 
- -

-~~ - -S  /~~4 - ,

£7 -~~ —~~

L

~ 

_ _ _ _-

L_ +_ _

-~~~~~~~~~ 
~~~~~~~~

‘-
~~~ ~~~~~~~ _ _ _  _ _ _ _

Cc~~~~~~~~~
A,Cc?~~ L ~~L~~A~(- - -~~att ~~ Q~1 ~LL\ .QA~? —

r ,
__

- ‘~~~NLLJ 1 - ,  “ “!‘

~~~~

‘ ‘
~~~~ — _ - ~~~~~ _~~~~~~~~~~~~~~~~~~~~~ s~~~~~~~~~~ -- ~~ _ a



STORCH ENGINEERS Sheet c of ‘2

Project 7 7 2 ’  
~~~~~~~~  ______  Made By~~~~-~-- Date _I~~ ~

~~~~~ / i-5 ‘ — i ’ ~:c --
~4~: ~~~~

-
~~‘;~ Chkd By FAW Date ~/ ~~~72

~~~~~~~~ -~~i~~ 1~~c ± - ~~~~2

~r / ) ~
)
~f 7 ~~~~~ i// ( v~~ y ~~~~~ —/~~u)

c~~~~’i,e /~~~~~~~~~~~ T,-~ 4 ~~~~ . 2.. — / .  2 = 4~ ~ ‘t -

(‘-z ~1 /~~~ ~~~~~~~~~ ~~~c~~ r ~~~~~C v 7 ~~I O. 2f r 1  ~
2 7- 5

~~i,c/s c t  ~~~~i’ / c~ia~ 1 ~~~~‘~~~~~1 
i-/ ~~~~~~~~~~~~~ — 3 

-

/ � ~~ � 
_ _ _ _ _ _ _ _ _

(~~~L
j  ~~~~~~~ 

) (C y~~~)

=

0 -

/ 3-0
.~ 3 Z. 42 0

3 3-3

1- 3’.; i i ~~8

Sc

2.181-

7 3, 3

3.3

9 4oH,

ii

~~~~~~~~~~~~~~

- -~ — —— ________ —— - —S--—--——--—-.-————----—-—--—-S-—---S—-——---.--------SS---S.-.-——————.-——.——--.——S —5—-.-— - —.5-.- — -5- -— --  —--5— —



PHOTO 2
PRIMARY SPILLWAY DISCHARGE CULVERT

19 DEC. 1978

-5 — - -

~ 
c 

~3 
-

)

~~ 5

i T ~ ~: ~
-
S 

~-

~ ,/ I! ~H ~z /‘ I I AJS I3O3~~A 
—

i I ’ ~~o I ~~Iiii
~~ ~~~ ~~~

- 
~~~

I J K ’ ~~~~~~~~ ~~~~~~~~~~~~~ _ _ _ _

N II~~~~1~ ‘ ‘I) I

I H~L ~~~~~~~I I -
~

-J
- - ~~~~~~~ +J t ~-J - -- : - - --

- - -‘S

1—~ 
— —T — —

U U - ~S -
113 -

~~ -_ s s I-. —
w I— — — 

_~_ — -— — — —5-
IN ~~ L — ~~

-
- S — ~~~ ‘

~~~ , I— -- —

-
~ 

i - c  ‘~J~~ -I ~~~~~~_~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~
_ _ _

— ‘
~- 

- I  0 0  I - . I s  L

— 0 I — — — ———
~~~~~~~~~~~~~~~~— 

~ 
0 —  - ~ ,— ,~-, -

3 LL~~~~— ~~ l i i i  0 Z - - - -:
—-5 2 ‘- —j . ~‘ 0 0 I 1.~ r-

“ -~~~ — 5 -’ 
~~~~~~ ~~~~~ 

U

~ 5 ~ 
‘— ‘ 

~~ 
I-. 

~~ 
5-— 

-~~ L L~

~~~~~~ ~~~~~~~~ 

~~~~~~~~~~~ ~~~~~ 
-
~~ 

. . z

~~
-~ ~- ; ‘-

~~ .. ~ ~~ - -

;~~~~~~) N~~~~’ 
(~~~~ ~ 5-- -~~ S 5-5 ’5~ ’ -3 ~“ 0 ~

0 ~- - — ~~ ‘~ ,~I
~~ ~— Z c, ~ z~ O ’~- - ‘-5- ~k -~ 0

x ~~~“ —
~~~~~~~~~ 

p
.

,~. ~~~~~

‘U -
~~~~~~~ 

0 0  -s

• 0 —5--- -

o 0 0  
-

W Z  ~I 0~~~~ ,
~, In

Fi gu r e 7
5- 1.~



PHOTO Lj

SECONDARY SPILLWA Y DISCHARGE PIPES

19 DEC. 1978

— -5 - - -- -5

STORCH ENGINEERS SheeL l of _____

Project ~- Made By -‘-- ‘-- Date ~I~~~~
- -
~:

~~ (‘~ ~ ~~‘ - -
~~~
‘
~~~~LL Chkd By E AW Date 4~~5. 77

_ _ _ _ _ _  ~~~~~~~ C- t- .

~~~r / i . z ~~~r~~~ ~~~~~ ~~~~~~~~~~~

~~~~2 ’ f 1 /~~~~~~~ C, 
~~~~~

~1)

CO/i’Crf ~~~~~~ 
______

Cc13fl7’fr- c3 / ~
7-t 

~ L

\ S

- 

- 

—
-5—

-

~~~~~~~~~~

- 

~~

-
~~~~~~~~

----
--

~~~~

----
----

-

~~~~ /

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ c-~,~~;,- �/c -t~
.J

/ 

~~~~~ C~/ver1

‘
I

/
/

0 Soo 2S C O O

_ _ _ _ _  _ _ _ _  

c~(c7t~)



STORCH ENGINEERS Sheei . L of ~~~
Project -‘

~~ ~~ a Made By ~~~~ -~-- Da+e L~JiL
i’t C Q k / C t ~(k  L-~ (? i

~~ i Chkd By EA VI Dafe~ t:~~2i2_

5- 
~~~~~~~~~~ ~~ / cc / )~~ r 1C ~~~~~~~~~

~~~~~~~ cp1ii1~~12 ~~ ( -c it

~~/ec 1-iv ~~ -
~~~~e -

;c7 t/ ; // / .Z Ib .~
I, 2.~~~— c - a =  2.3’

C 21-, ~
0 O-4 2-8

ci

/ 8  2.4 33 2~~ I/ O

~ 3 /ç~y — ‘-5 --

cc 44 3-3 2-~~~~~ 
-

~~~~~ ~~~~~~

~~~~ 
?5-57 /~~ -a- --

74- ?.3 ~ c 3 -

7-8 3 > .? ~ 3

56 13 3’ .?

62- 
~~ /‘- --

~ 3-3 3. Z

‘4 
- 

‘
~~~

-
~~
‘ ‘

~~ii__ 
- - -


